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effects on subjective and physiological measures 
and on smoking behavior 
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Tobacco companies are responding to public pressure to market less dangerous and aversive products by 
developing novel smoking systems. The short- and long-term effects of these systems must be evaluated to 
determine the risks inherent in their use. One such system, the Accord®, uses a hand-held device to heat tobacco 
electronically and is marketed as a means to reduce second-hand smoke. In this study 10 cigarette smokers (>10 
cigarettes per day) wore recruited to evaluate the short-term effects produced when using this system. Subjects 
abstained from smoking for at least 8h before participating in two experimental sessions where they smoked 
either their usual brand or used the Accord® at 30-niin intervals for 2 hours. Subject-rated measures of tobacco 
withdrawal and craving, physiological measures, and smoking behavior were assessed within each session. 
Results show that, when using the Accord®, the magnitude of smoking-induced craving reductions and the 
physiological effects of smoking were less, and puff volume and frequency were greater than when subjects 
smoked their own brand of cigarettes. The expired air carbon monoxide increases observed after smoking own 
brand cigarettes did not occur after using the Accord®. The novel system does not provide maximal withdrawal 
suppression and produces little increase in expired air carbon monoxide; physiological data suggest that the 
novel system may deliver nicotine less efficiently than norniaUy marketed cigarettes. Smokers using the 
Accord® system may smoke more often or more intensely to compensate for decreased withdrawal suppression 
and/or nicotine delivery. 


Introduction 

Tobacco smoking costs an esthnated 419,000 American 
lives and $50 faiiiion in annual healthcare expenses 
(CDC, 1994a). The health risks of smoking are generally 
attributed to inhaled smoke constituents, such as 
tobacco-specific nitrosamines (Hecht & Hoffman, 1988), 
benzolalpyiene (Denissenko, Pao, Tang, & Pfeifer, 
1996), and carbon monoxide (CO; Benowitz, 1997; 
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Kullcr & Radford, 1983). Quitting smoking Ls the ideal 
method for reducing its health risks (e.g., Lakier, 1992). 
However, the addictive nature of tobacco-delivered 
nicotine maintains smoking despite adverse health con¬ 
sequences. Reducing smokers’ intake of harmful con¬ 
stituents may decrease the lethality of smoking for 
smokers who are unable to quit (c.g., Benowitz, Jacob, 
Kozlowski & Yu, 1986). 

Novel tobacco systems have been designed in part to 
reduce the harmful effects of smoking. Efforts to 
reduce smokers’ tar intake contributed to R. J. Rey¬ 
nolds’ development of Premier®, which reduces aver¬ 
age nicotine and tar intake, though it increases CO 
intake (Sutherland, Russell, Stapleton, & Feycraben, 
1993). Recently, Phillip Morris introduced Accord®, a 
novel system that uses a handheld, puff-activated 
chamber and specially designed ‘cigarettes’ to heat 
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pressed tobacco electronically. While these novel smok¬ 
ing systems may appear less lethal, they may not lead 
to better Iiealth. For example, any benefits may be 
offset if smokers alter their smoking behavior by 
smoking more, tltus potentially increasing nicotine 
dependence and smoke exposure. 

The purpose of the current study was to evaluate 
smokers' behavior while using a novel smokii^ system 
(Accord®) and to assess the subjective and physiological 
effects if produces. Smokers participated in two sessions 
where tliey smoked either tlieir usual brand or the novel 
system at 30-min intervals for 2 hours. Puff topography, 
expired CO, physiological, and subject-rated measures 
were assessed periodically within each session. 

Method 

Subjects and setting 

Seven women (one black) and three men (all white) were 
recruited by advertisement and word-of-mouth to partici¬ 
pate in this study, which was approved by the uni¬ 
versity’s Institutional Review Board. Subjects (mean 
age=23.2 years, SD=3.4) were included if they reported 
use of any Tight’ or ‘ultra light’ cigarette brand (the 
target audience for the novel smoking system), smoked 
10 or more cigarettes daily (mean=15.3, SD=4.1), were 
18-60 years of age, and provided a breath CO sample 
>7 ppm at screening. Subjects were mildly dependent on 
nicotine, as indicated by a mean score of 4.0 (SD=1.2) on 
the Fagerstrom nicotine tolerance questionnaire (Fager- 
strom, 1978). At screening, (in the middle or after the 
workday for 8/10 subjects) CO levels averaged 14.6 ppm 
(SD=6.5). Subjects were excluded if they reported 
previous Accord® experience, past or current cardiovas¬ 
cular disorders, current pregnancy, or breastfeeding. 
Experimental sessions were conducted in a session room 
equipped with data collection equipment and an exhaust 
fan. 


Materials 

Subjects provided their own cigarettes (on average, 
9.5 mg tar and 0.73 mg nicotine by FTC method) or used 
the novel system (Accord®, Phillip Morris, Richmond 
VA; 3.0 mg tar and 0.20 mg nicotine) which consists of a 
handheld device and specially constructed ‘cigarettes'. 
The device contains a battery, eight heating elements, 
and a display. Tlic ‘cigarettes’ are 62 mm long, 8mm in 
diameter, and consist of 7 mm of filter plug, 30 mm of a 
hollow tube, and 25 mm of papcr-encascd, pressed 
tobacco wrapped around a plug of tobacco leaf. These 
‘cigarettes’ are not lit, but inserted into a hole in tlie 
handheld chamber, with approximately 21 mm of the 
filter portion exposed. Lisertion puts the paper-encased 
tube of pressed tobacco in contact with the surrounding 
heating elements. When a smoker puffs on the exposed 
filter, one of the heating elements heats a portion of the 


pressed tobacco; subsequent puffs heat otlier portions 
until the maximum of eight pulTs has been reached. The 
peak temperature attained by the novel system (about 
dOO'C) is less than that attained by a conventional 
cigarette (about 950‘’C; Terpstra, Rejningliaus, & Solana, 
1998). 


Subject-rated measures 

All subject-rated measures were computerized (Plow¬ 
share Technologies, Baltimore, MD). Some measures 
were visual analog scale (VAS) items consisting of a 
word or phrase above a horizontal line anchored on the 
left with ‘not at all’ and on the right with ‘extremely’. 
Subjects resjionded to these items by moving a mouse- 
controlled cursor to any point on the line and clicking, 
thus producing a vertical mark on the horizontal line; this 
mark could be further adjusted if necessary. The score for 
each scale was the distance of the vertical mark from the 
left anchor, expressed as a percentage of the total length 
of the horizontal line. Thirteen VAS items were derived 
from Hughes and Hatsukami (1986) to assess tobacco 
withdrawal: ‘Urges to smoke’, ‘Irritability/frustration/ 
anger’, ‘Anxious’, ‘Difficulty concentrating’, ‘Rest¬ 
lessness’, ‘Hunger’, ‘Impatient’, ‘Craving a cigarette/ 
nicotine’, ‘Insomnia/disturbed sleep’, ‘Increased eating’, 
‘Drowsiness’, ‘Depression/feeling blue’, and ‘Desire for 

sweets'. Another measure of subjective effects was the 
Questionnaire of Smoking Urges (QSU; Tiffany & 
Drobes, 1991), which consists of 32 smoking-related 
items that are rated on a seven-point scale ranging from 
0 (Strongly disagree) to 6 (Strongly agree). The QSU 
yields two factors defined by previous factor analysis; 
factor 1 (intention to smoke) and factor 2 (anticipation of 
relief from withdrawal). 


Physiological measures 

Heart rate, skin temperatme, and blood pressure were 
monitored continuously (Noninvasive Patient Monitor 
model 507E, Criticarc Systems, Waukesha, WI). All 
measures were recorded eveiy 20 s except for blood 
pressure, which Was recorded every 2min. Expired CO 
was measured before and after each cigarette using a 
BrealhCO monitor (Vitalograph, Lenaxa, KS). 


Fuff topography nicasuremcnt 

Topography data collection was computerized (Plow¬ 
share Technologies, Baltimore, MD). Cigarettes were 
smoked through a mouthpiece that was connected to a 
pressure transducer and pressure changes created by an 
inlialation were amplified, digitized, and sampled at a 
rate of 1000Hz. Software converted signals to air flow 

(ml/s) and integrated the data over time for each puff, 
producing measures of puff volume, duration, number, 
and inter-puff interval (IPI). 
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Procedure 

Subjects Were screened, provided informed consent, 
and were acclimated to the testing environment before 
participating in two, approximately 3-h experimental 
sessions where they smoked either their own brand of 
cigarettes or Accoid®. Session order was counter¬ 
balanced across subjects. Before each session subjects 
were required to abstain from smoking for at least 8 
hours (verified with an expired CO level of 
<10 ppm). At session onset baseline physiological and 
subjective measures were recorded. Beginning I5min 
later, subjects smoked single cigarettes at 30-min 
intervals for a 2-h period. Immediately before and 
after smoking a cigarette, subjective response and CO 
levels were recorded; post-cigarette CO was recorded 
when all other measures were completed (approx¬ 
imately 5 min post-cigarette). During the last hour of 

each session subjects smoked ad lib; data collected 
during this period arc not reported (four uses of the 
novel system and five usual brand cigarettes in 20 
sessions). 


Data analysis 

Prior to analysis, physiological data (except CO) were 
averaged to produce a single value for each measure 
for each of four pre-cigarette periods (10 min prior to 
smoking a cigarette) and four smoking periods (time 
during which subjects were actually smoking). Topog¬ 
raphy data were examined for errors of measurement 
that might occur if a pressure differential was detected 
when subjects were not smoking (e.g., tapping the 
cigarette). These errors were removed from the topog¬ 
raphy data using two decision rules; (I) puffs of less 
than 5 ml were removed arbitrarily, and (2) after 
applying rule 1, ail puffs less than or greater than two 
standard deviations from (he mean were removed. The 
remaining data for each of the four cigarettes were 
averaged for each subject using all remaining values 
for puff volume, number, duration, and inter-puff 
interval. 

Data were analyzed using repeated-measures analy¬ 
sis of variance (ANOVA). Subject-rated and physio¬ 
logical data were analyzed using a three-factor 
analysis with cigarette type (own brand or novel 
system), cigarette number (1-4), and time (pre- and 
post-cigaretlc for subject-rated measures and CO, pre- 
and during-cigarette for all other physiological 
measures) as within-subjects factors. Puff topography 
data were analyzed using a two-factor analysis with 
cigarette type and number (1-4) as within-subject 
factors. For all analyses, significance levels were 
adjusted for violations of the sphericity assumption 
using Huynh—Feldt corrections. The mean square 
error tenns for the overall interaction were used to 
conduct Tukey’s honestly significant difference test; 
comparisons for which /5<0.05 are reported as 
significant. 


Results 

The pinpo,se of this study was to compare the effects of 
the two cigarette typos over time (pre- and post- 
smoking), thus measures where significant main effects 
of time and interactions involving time and type were 
observed are of most interest. Significant time effects 
were observed for the ‘Anxious’, ‘Craving a cigarette/ 
nicotine’, and ‘Urges to smoke’ VASs, as well as both 
factors of the QSU [F, (1,9)>5.3. /75<0.05]. Collapsed 
across other factors, scores on these measures were 
reduced after smoking. Figure I (top) shows the results 
from the ‘Craving a cigarette/nicotine’ VAS, the measure 
with the largest time effect F ratio. After subjects smoked 
a single cigarette of their own brand, (left panels), 
‘Craving’ scores decreased significantly and remained 
relatively low throughout the remainder of the session. In 
contrast, when smokers were using the novel system 
(right panels), significant craving reductions were not 
obseived until after the fourth cigarette. Analysis also 
revealed a significant interaction of time with cigarette 
type and number for the ‘Anxious’ and ‘Hunger’ VASs 
[Fj(3,27)>3.0, P5<0.05]; no other subjective measure 
showed main effects of time, or interactions involving 
time and type. 

For physiological measures, main effects of time 
[F,(l,9)>14.5, p,<0.01] and interactions of time with 
cigarette type [Fj(l,9)>5.1, /?,<0.05] were revealed for 
heart rate, skin temperature, and CO; there was also a 
significant three-way interaction for CO [F,(3,27)=4.I, 
Ps<0.05]. No main effects or interactions vvere observed 
on cither blood pressure raea.sure. Figure 1 (middle) 
displays tlie heart rate results. As can be seen in the 
figure, heart rate increased from 78.8 to 90.2bpm when 
subjects smoked the first of four own brand cigarette but 

increased from 78.4 to 81.9 bpm when using the novel 
system. For the heart rate increases and shin temperature 
decreases (data not shown) observed during smoking, 
between-condition comparisons revealed that the magni¬ 
tude of smoking-induced changes was greater when 
subjects were smoking their own brand of cigarettes 
relative to the novel smoking system. CO (Figure 1, 
bottom) increased significantly after smoking each of the 
own brand cigarettes but not after using the novel 
system. 

A significant main effect of cigarette type was 
observed for IPI and puff number, volume, and duration 
(Fj>11.3, p5<0.01); no other significant effects were 
observed on these measures. Across cigarettes, IPIs were 
shorter when subjects smoked the novel system 
(mean=24.0s, SD=12,1) relative to their own brand 
(raean=35.0s. SD=17.9). Similarly, subjects took fewer 
puffs when using the novel system (moan=7.8 puffs, 
SD=0.7) as compared to their own brand (mean=10.3 
puffs, SD=Z1); the novel system limited smokers to a 
maximum of eight puffs/cigarette. Puff volume and 
duration were belli greater when subjects smoked the 
novel system (mean volume=55.4ml, SD=17.0, mean 
duration=1.8s, SD=0.5) relative to their own brand 
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Figure 1. Averaged data (plus one SEM) from 10 subjects on the ‘Graving a oigareltaWcotine’ VAS (top paneis), heart rate (middie 
panefs), and expired air CO (bottom paneis) svhen they wrere using their owrn brand of cigarettes (left panels) or the novel Accord® 
system (right panels). Open bars are data collected immediately before a smoking episode, filled bars are data collected irnmediate^ 
after a smoking episode.during a smoking episode (heart rate), or 5 min after a smoking episode fCO). Asterisk (*) indicates a significant 
difference irom baseline (i.e., before the fir^ cigarette), plus sign (>} indicates a significant difference from the own brand condition at 
that time point. (Ad p,<0,05, Tukey’s HSD.) 



(mean volume=3S.4ml, SD=11.7, mean duration=1.2 s, 
SD=0.4). 

Discussion 

This study was designed to evaluate the effects of a novel 

smoking system (Accord®} that may reduce the mutage¬ 
nicity and cytoto.Kicity associated with normal cigarette 
smoke (Terpstra et a!., 1998). Novel smoking systems 
are likely to mnltipiy given public concern for the well- 
known dangers of tobacco smoking. Unbiased evaluation 
of these systems is essential so that tiieir health risks Can 
be determined for both smokers and non-smokers. In this 
study, subjective reports suggest that the novel system 
does not suppress tobacco withdrawal like a normal 
cigarette, perhaps because the novel system limits users 
to eight puffs per ‘cigarette’ instead of their usual lO-ll 
puffs, produces fewer smoking-related sensorimotor 
stimuli, and/or because of issues related to brand 

preference and novelty. Whatever the mechanism, inade¬ 
quate withdrawal suppression may lead to increased use 
of the novel system, thus decreasing any potential 
benefit. 


Another factor that may contribute to the novel 
system’s inability to suppress tobacco withdrawal symp¬ 
toms fully may be that it delivers lower nicotine doses 
than usual cigarettes. The Accord® nicotine yield, as 
measured by the Federal Trade Commission (FTC), is 
0.2 mg, substantially lower than the yield of many 
normally marketed tobacco cigarettes. Howev'er, FTC 
nicotine yield docs not always predict blood nicotine 
levels and smokers may alter their smoking behavior 
when smoking lower yield cigarettes (Benowitz& Jacob, 
1984). Thus, a more reliable method of assessing 
nicotine dose is with plasma nicotine level, which was 
not assessed in the current study. However, heart rate 
data collected in this study suggest that the nicotine 
doses delivered by the novel system are less than those 
delivered by subjects’ usual brand: when data for the first 
cigarette of each type were analyzed separately, the novel 
system produced small but reliable increases in smokers’ 
heart rate (mean=3.6bpm) while significantly larger 
increases IF( l,9)=22.5, /j<0.0l] on this measure were 
observed when smokers’ were smoking the fimt of their 
own brand of cigarettes (meansll.dbpra). Heart rate 
increases are commonly observed when pharmaco- 
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logically pure nicotine is administered Ce.g., Hansson, 
Choudry, Kiirlsson, & Fuller, 1994; Jones, Garrett, & 
GrifFitlis, 1999), and thus may be an indicator of nicotine 
delivery. Interestingly, relative to baseline, heart rate 
increases of greater magnitude were observed in tlie 
10-inin period after the first Accord® use (mean increase 
over baseline=6.8 bpm), which may indicate a slower 
route of nicotine absorption (e.g., buccal) with this 
product. Thus, based on heart rate data, the novel 
system’s inability to suppress withdrawal fully may 
reflect a lower nicotine dose and/or a slower route of 
nicotine delivery, relative to normally marketed 
cigarettes. 

Tire mean CO increase obseiwed after four uses of the 
novel system was mai'ginal (mean difference between pre 
1 and post 4=0.7 ppm, SD=0.7) and significantly less 
than those observed after four cigarettes of the smokers’ 
usual brand (mean=18.0ppni, SD=7.4); 10-fold lower 
levels of CO produced by the novel system relative to 
reference cigai'cttcs have been reported elsewhere (Terp 
stra et a!., 1998). Thus, relative to normally marketed 
cigarettes, use of the novel system may reduce CO intake 
significantly. However, smoking cessation is the ideal 
way for smokers to reduce CO intake, and is also 
accompanied by a variety of other health advantages 
including an elimination of tobacco-related carcinogens 
and nicotine. As an aside, researchers and clinicians who 
use CO as an index of compliance with protocol-related 
cigarette abstinence should note that use of the novel 
system is unlikely to bo detected with that measure. 

Smoking behavior differed across the two conditions 
in this study. The novel system’s design limits smokers to 
a maximum of eight puffs, and in this study Ihose puffs 
were longer, larger, and more closely spaced when 
compared to smokers’ usual brand. The observation that 
puff duration and volume were both greater with the 
novel system may be attributable to the fact that it is 
puff-activated; some portion of each puif is required to 
activate the system rather than to draw smoke into the 
mouth. Puff duration and volume differences may 
indicate smokers’ attempts to compensate for inadequate 
tobacco withdrawal suppression produced by the novel 
system. The shorter IPIs observed when smokers were 
using the novel system are also consistent with this 
notion and may indicate smokers’ attempts to increase 
their tobacco/nicotinc self-administration over the course 
of the session in order to maximize withdrawal relief. 

Important limitations of the current study include the 
facts that mildly dependent subjects received only acute 
exposure to the novel system, were not blind to smoking 
condition, and did not participate in a placebo (t.e., non- 
nicotinized) smoking control condition. This study 
examined the novel system’s short-temi effects in mildly 
dependent subjects, and all data must be interpreted in 
that context. For example, experience with the system 
may lead some smokers to report greater withdrawal 
suppression after it.s use, perhaps due to greater familiar¬ 
ity witli system operation and/or alterations in smoking 


behavior; topography patterns may change with long¬ 
term exposure to tobacco products (Eissenberg & 
Bolster, in press). Also, subjects in this study were not 
blind to condition (novel system or cigarette). Thus, 
factors such as brand loyalty and conditioned responding 
may have influenced various outcome measures. Finally, 
inclusion of a placebo condition where subjects smoked 
tobacco cigarettes that do not deliver physiologically 
active nicotine doses would have clarified study results 
further. In future research this condition would make 
more clear the extent to which Accord®-rclated changes 
were due to the passage of time and/or adaptation to the 
experimental situation. 
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